Introduction: Admission blood pressure assessment is a central component of severity assessment for community acquired pneumonia. The aim of this study was to establish which readily available haemodynamic measure on admission is most useful for predicting severity in patients admitted with community acquired pneumonia.
INTRODUCTION
Severity assessment rules are increasingly promoted for use in a variety of disorders, including community acquired pneumonia. Hypotension is the defining feature of sepsis and sepsis shock [1] and has been consistently found to be associated with increased mortality in patients with community acquired pneumonia. [2] [3] [4] [5] Different severity rules recommend different blood pressure measurements. The pneumonia severity index is the most widely used pneumonia severity score worldwide and recommends systolic blood pressure <90mmHg as one its core high risk features. [3] In the UK the CURB65 and CRB65 prediction scores have been in use since 2004 following a refinement of previous British Thoracic Society rules. The CURB65 score recommends either systolic blood pressure <90mmHg or a diastolic blood pressure < 60mmHg. [6, 7] The APACHE II score is the most widely used generic scoring system for predicting mortality in acutely ill patients particularly in the Intensive Care Unit and uses mean arterial pressure as the preferred haemodynamic measure. [8] Systolic blood pressure is used in the modified early warning score (MEWS) which is widely used for acute medical and surgical admissions in UK hospitals. [9] Pulse pressure has not previously been considered as a predictor of outcome in community acquired pneumonia, although it is a readily available clinical measure and animal models have shown a rapid increase in pulse pressure at onset of sepsis. [10] The original British Thoracic Society study showed that low diastolic blood pressure was associated with mortality independent of systolic blood pressure. [2] A low diastolic pressure with a normal systolic blood pressure leads to an elevated pulse pressure. The authors therefore hypothesised that an elevated pulse pressure would be associated with a poor outcome.
METHODS
A prospective observational study of consecutive unselected patients admitted to NHS Lothian University Hospitals Division (Edinburgh, United Kingdom) between January 2005 and November 2007 with a diagnosis of community acquired pneumonia. The study was approved by the Lothian Research Ethics Committee.
Community acquired pneumonia was diagnosed using the following criteria recommended by the British Thoracic Society guidelines [11] :
• symptoms and signs consistent with an acute lower respiratory tract infection associated with new radiographic shadowing for which there is no other explanation;
• the illness is the primary reason for hospital admission and is managed as pneumonia.
In practice, patients were included in the study if they presented with a new infiltrate on a chest radiograph and had 3 or more of the following symptoms or signs (cough, sputum production, breathlessness, pleuritic chest pain, haemoptysis, fever, headache, signs consistent with pneumonia on chest auscultation).
Exclusion criteria were: hospital acquired pneumonia (development of symptoms >48 hours following admission or discharge from an acute care facility < 2 weeks prior to admission); active malignancy; immunosuppression; pulmonary embolism; and patients in whom active treatment was not considered appropriate (palliative care).
At the study sites patients present either as self-referral to Accident and Emergency or via general practitioner referral to the medical assessment unit. At both sites patients are reviewed by the medical team and the decision to admit or discharge the patient is made. Subsequently patients spend 12-24 hours in the medical assessment unit from where they may be discharged or move on to a specialist ward. Critically ill patients may be admitted at any time to the intensive care unit for invasive ventilation or inotropic support or to a high dependency unit which provides intensive monitoring as well as non-invasive ventilation (Bilevel or Continous positive airways pressure ventilation) and/or inotropic support. Patients were enrolled in the study from both Accident and Emergency Departments and the medical assessment units.
Study protocol
For all patients admitted with community acquired pneumonia a pro-forma was completed on admission that includes patient observations (blood pressure, pulse, respiratory rate, temperature) and standard blood tests were obtained for each patient (Full Blood Count, Urea and Electrolytes, Liver Function Tests, Coagulation profile and C-reactive protein). All observations were taken in the emergency department within 4 hours of arrival. On admission patients were risk assessed using the British Thoracic Society CURB65 score, CRB65 score and the pneumonia severity index (PSI). All patients received standard antibiotic therapy in accordance with British Thoracic Society guidelines. [11] 
Blood Pressure Measurements
Blood pressure measurements (systolic and diastolic) were made within 4 hours of admission in all patients. Measurements were taken prior to intravenous fluid resuscitation or inotropic support except in patients who had receiving paramedic resuscitation prior to hospital admission. Measurements were made electronically. 4 blood pressure measurements are readily available at admission-systolic, diastolic, mean arterial pressure and pulse pressure. Pulse pressure is defined a systolic blood pressure -diastolic blood pressure. Mean arterial pressure was calculated as diastolic blood pressure + 1/3 x pulse pressure.
Cut offs for systolic, diastolic and mean arterial pressure were selected for analysis based on available literature and cut-offs used in previous studies of severity scores.
From previous studies, systolic blood pressure <90mmHg, diastolic blood pressure < 60mmHg and mean arterial pressure <70mmHg are the most consistently used to define increased risk. Pulse pressure has not been studied previously. The authors have regarded a pulse pressure of 40mmHg as normal.
Outcomes
The primary outcome of interest was 30-day mortality and requirement for mechanical ventilation and/or inotropic support.
Statistical Analysis
All data were analysed using SPSS version 13 
RESULTS
1007 patients were included in the study. Baseline characteristics are shown in Table   1 . 14.1% of patients were discharged within 24 hours of admission. The 30-day mortality rate was 9.6%. 10.2% of patients required invasive ventilation and/or inotropic support. Of those patients that died 47.4% had a Do Not Attempt Resuscitation Order or did not receive escalation of treatment beyond ward management. Table 1 -Baseline characteristics of the study population.
Haemodynamic Predictors of Mortality in Community Acquired Pneumonia
The association between systolic, diastolic, mean arterial blood pressure and pulse pressure at different cut-points with 30-day mortality and need for mechanical ventilation and/or inotropic support were compared (Table 2) . With reducing systolic blood pressure, diastolic blood pressure, mean arterial pressure and pulse pressure there was increasing 30-day mortality and need for mechanical ventilation and/or inotropic support.
We hypothesised that increased pulse pressure would be associated with poor outcome. This was disproved however as an increased pulse pressure >40mmHg was On multivariate logistic regression, reduced systolic blood pressure <90mmHg, diastolic blood pressure < 60mmHg, mean arterial pressure <70mmHg and pulse pressure <40mmHg were identified as independent predictors of 30-day mortality (Table 3 ) and mechanical ventilation and/or inotropic support ( Table 3 -Haemodynamic predictors of 30-day mortality in community acquired pneumonia. Table 4 -Haemodynamic predictors of need for mechanical ventilation and/or inotropic support in community acquired pneumonia.
BASELINE CHARACTERISTICS

Comparison of haemodynamic variables for prediction of 30-day mortality and mechanical ventilation and/or inotropic support.
Each haemodynamic variable was compared for its ability to predict 30-day mortality and need for mechanical ventilation and/or inotropic support ( 
Modification of the CURB65 and CRB65 scores.
The performance of simplified CURB65 and CRB65 scores using systolic blood pressure <90mmHg alone were compared with standard CURB65 and CRB65 scores (Table 6 ). Combining systolic and diastolic blood pressure has no additional benefit over using systolic blood pressure alone. 
DISCUSSION
This study has demonstrated that admission blood pressure can predict 30-day mortality and need for mechanical ventilation and/or inotropic support in patients admitted with community acquired pneumonia. Systolic blood pressure is superior to other haemodynamic measures in predicting 30-day mortality and the need for mechanical ventilation and/or inotropic support. In addition, this study demonstrates no additional benefit to adding diastolic blood pressure, as has been incorporated into the CURB65 and CRB65 scores, over and above measurement of systolic blood pressure. A simplified score consisting of Confusion, respiratory rate >30/min, systolic blood pressure <90mmHg and age >65 years has equivalent performance to the current CURB65 and CRB65 scores.
This study has shown that mean arterial pressure < 70mmHg, as used in the APACHE II score and widely in intensive care medicine, is a predictor of 30-day mortality and need for mechanical ventilation and/or inotropic support. Similarly reduced pulse pressure < 40mmHg is associated with increased 30-day mortality and need for mechanical ventilation and/or inotropic support. Experimental studies have shown an early increase in pulse pressure in sepsis however, pulse pressure narrows later in sepsis [10] . We hypothesised that if low diastolic blood pressure was a marker of severity independent of systolic blood pressure, then elevated pulse pressure would be a useful marker of outcome. In this study however, an increased pulse pressure >40mmHg was not associated with increased 30-day mortality and need for mechanical ventilation and/or inotropic support. The admission systolic blood pressure alone had superior performance characteristics compared with both mean arterial pressure and pulse pressure. Pneumonia Severity Index (PSI) was developed following a study in over 50 000 patients and introduced in 1997. [3] It is now well established worldwide and has been validated in large independent populations. [14.15] It is composed of 20 demographic, clinical, laboratory and radiographic variables. The British Thoracic Society independently developed a simpler scoring system (the CURB criteria) based on the "core adverse prognostic features" of confusion, Urea > 7mmol/l, respiratory rate > 30 breaths/min, and blood pressure <90mmHg and/or diastolic blood pressure < 60mmHg. [2, 5] This was subsequently modified to the CURB65 score which is now widely used and has been independently validated in over 11,000 patients in 9
countries. [16] [17] [18] [19] [20] [21] The CRB65 score, which simplifies the score by omitting measurement of blood urea nitrogen, has been proposed for outpatient use and has been shown to have equivalent performance to CURB65 in some studies. [20] All of these scoring systems contain assessment of admission blood pressure and hypotension has been found to be associated with increased mortality in all of the major studies examining prognosis in patients with community acquired pneumonia.
The meta-analysis performed by Fine at al in 1996 identified systolic hypotension as the one of the most powerful markers of poor outcome. [4] The subsequent prediction rule developed by this group, the Pneumonia Severity Index, including systolic blood pressure as one of the core adverse features, with no assessment of diastolic blood pressure.
Although the Pneumonia Severity Index was found to be a robust clinical tool, its complexity made it difficult to implement into clinical practice. The advantage of the British Thoracic Society rules have therefore been their simplicity. Diastolic blood pressure < 60mmHg has been included in the British Thoracic Society rules since 1987 when a multicentre prospective study of 511 patients identified in multivariate logistic regression that diastolic hypotension was associated with increased mortality. [2] Subsequent rules developed by the BTS have all contained diastolic blood pressure <60mmHg while also adding systolic blood pressure <90 mmHg.
In the study by Lim et al that developed the CURB65 score however, 97% of patients with systolic hypotension (<90mmHg) also had diastolic hypotension (< 60mmHg) and it is not clear if including diastolic hypotension added any predictive value to the rule.
The accuracy of the CURB65 and CRB65 scores are now well established but they have not been universally accepted. Although simpler than the Pneumonia Severity Index, they are still sufficiently complex that a large majority of UK junior doctors were unable to name their components in one study. [22] Despite increasing publicity and programmes to promote severity assessment, a recent study showed that only 13% of patients received severity assessment on admission. [23] Some have suggested that pneumonia specific tools should be supplanted by generic illness tools, as the abundance of severity assessment scores for different conditions may confuse junior doctors. [24] Investigators continue to develop new prediction rules and it is of note that systolic blood pressure alone has been used in these subsequent rules. [25, 26] If increasing simplicity is required, could the CURB65 be simplified by removing the diastolic blood pressure component? The results of this study show that doing so does not reduce the performance of the score for either 30-day mortality or the need for mechanical ventilation and/or inotropic support. The CURB65 and CRB65 scores had equivalent performance for both outcomes in this study. The CURB65 score can therefore be simplified to a modified CRB65 score by excluding the diastolic blood pressure component without compromising its accuracy. This study included only patients assessed in hospital with community acquired pneumonia. The CRB65 score has also been proposed for severity assessment in outpatients with community acquired pneumonia and although it is likely that the findings of this study would be true for outpatients as well, this has not been studied.
In conclusion, admission systolic blood pressure can predict both 30-day mortality and the need for mechanical ventilation and/or inotropic support. Systolic blood pressure is superior to other haemodynamic predictors of severity in community acquired pneumonia. The CURB65 score can be simplified to a modified CRB65 score by excluding the diastolic component of blood pressure assessment without compromising its accuracy. Independent validation of this modified score is needed.
